To investigate the pathogenesis of human T lymphocyte virus type I (HTLV-I)-related diseases, the env-pX gene of HTLV-I was introduced into the germline of inbred Wistar-King-Aptekman-Hokudai rats. A wide spectrum of collagen vascular diseases was evident in the transgenic rats, including chronic destructive arthritis similar to rheumatoid arthritis, necrotizing arteritis mimicking polyarteritis nodosa, polymyositis, myocarditis, dermatitis, and chronic sialoadenitis and dacryoadenitis resembling Sjö gren's syndrome in humans. Thymic atrophy with the depletion of CD4 and CD8 double-positive thymocytes was also observed. In these animals, a number of autoantibodies, including high titers of rheumatoid factor, were present in the serum. We propose that the HTLV-I env-pX gene region may play a pathogenetic role in the development of collagen vascular and autoimmune diseases associated with autoimmune phenomenon.
Human T lymphocyte virus type I (HTLV-I) is associated
HTLV-I env-pX gene under control of its long terminal repeat (LTR) into inbred rats. with a number of diverse clinical disorders (1), including adult T cell leukemia (2,3), HTLV-I-associated myelopathy/tropical Two transgenic rat lines (Tg17 and Tg62) carrying the env-pX gene of HTLV-I were established from three transspastic paraparesis (HAM/TSP) (4,5), HTLV-I-associated arthropathy (6), HTLV-I uveitis (7), and probably Sjö gren's genic rats (env-pX rats) of the WKAH strain. Southern blot analysis of the tail DNA revealed that Ͼ10 copies of the syndrome (8), T cell alveolitis (9), polymyositis (10) and infective dermatitis (11). Animal models are needed to injected DNA were integrated intact into a single site of each host chromosome, in a tandem fashion, independinvestigate virus-host interactions and pathogenetic mechanisms in these diverse disorders. In our previous papers, we ently in both the Tg17 and Tg62 lines. By RT-PCR, a 433 bp band of amplified cDNA for the env transcription was reported the first evidence that HTLV-I carrier Wistar-KingAptekman-Hokudai (WKAH) rats develop HAM/TSP-like detected in all samples examined, without peripheral blood mononuclear cells (PBMC) (Fig. 1B) . The env transcription in myelopathy, designated as HAM rat disease (12,13), and transgenic rats harboring HTLV-I pX under control of a mouse the PBMC may be expressed at a lower level because the specific band was detected when the amplified cDNA was MHC class I (H-2K d ) promotor develop mammary carcinomas with high level expression of the transgene, predominantly in hybridized with a radioactively labeled sequence-specific oligonucleotide probe. A 144 bp band of amplified cDNA for the females (14). In the present study, collagen vascular and autoimmune diseases developed when we introduced the the pX was detected in all samples examined (Fig. 1C) .
However, the detection of transcripts from the transgene in non-transgenic rats, and in both Tg17 and Tg62 rats, unilateral or bilateral swelling of the ankle joints with redness or swelling both lines was difficult at levels of the standard Northern hybridization, and immunohistochemistry did not reveal the of the footpad developed near the ankle as early as the fifth post-natal week (52 of 65) ( Fig. 2A) . Histology of the swollen protein products of env and/or pX genes in all tissues examined, including the diseased lesions, as described blow.
ankle joint revealed marked synovial lining hyperplasia and infiltration of lymphocytes, plasma cells and neutrophils, on Env-pX rats were usually small in size, compared to the the synovial side (Fig. 2B) . The joint space narrowed, and the articular cartilage and contiguous bone were destroyed by pannus forming granulation tissue (Fig. 2C) . Overall the histologic features were of a chronic non-suppurative inflammatory polyarthritis mimicking rheumatoid arthritis in humans. Tg17 and Tg62 rats also manifested a series of collagen vascular diseases, including necrotizing arteritis resembling polyarteritis nodosa (nine of 27), polymyositis (eight of 27), myocarditis (nine of 27), chronic sialoadenitis (11 of 25), chronic dacryoadenitis (three of 11 rats with chronic sialoadenitis) mimicking Sjö gren's syndrome and non-specific dermatitis (three of 27). The vessels affected were the medium-to small-sized arteries in the connective tissue around the thymus, salivary gland, testis, pancreas and in the dermis. Histologically, pan-arteritic and peri-arteritic inflammation with a cellular infiltrate containing neutrophils, lymphocytes, plasma cells and histiocytes surrounding the affected artery was present, and the media showed fibrinoid necrosis; hence, the affected arteries resembled polyarteritis nodosa in humans (Fig. 2D ). Fresh and organized thrombi and reparative fibrosis were present with a considerable narrowing of the original lumen (Fig. 2E) . Skeletal muscle lymphocytes and plasma cells from the periductal to the 3, cerebellum; 4, spinal cord; 5, salivary gland; 6, heart; 7, lung; 8, acinar area. Later, the acinar tissue was eventually destroyed liver; 9, kidney; 10, testis; 11, ankle joint; 12, muscle; 13, thymus; 14, and replaced ( (45) with the tissue was observed in the lacrimal gland (Fig. 2I ). These SmaI-HindIII fragment from the 5Ј LTR clone of HTLV-I (pU3RU5) (46) findings were similar to those in the sialoadenitis described was constructed. Transgenic rats were developed as previously above, and both sialoadenititis and dacryoadenitis resembled described (14). We injected 500 copies of the EcoRI fragment DNA (5.3 kb) containing the whole HTLV-I-derived sequence into fertilized Sjö gren's syndrome in humans. The thymus was atrophied in ova from a female WKAH rat (SLC Japan, Shizuoka, Japan), then the some of both the Tg17 and Tg62 lines (12 of 27) (Fig. 2J ).
ova were transferred to oviducts of a pseudopregnant SpragueApoptotic cell death was increased in both the atrophied and normal thymus in age-matched controls (Fig. 3 ). In these In some of the atrophied thymuses, especially severe (C) RT-PCR for pX was done under conditions described elsewhere (44) .
atrophy, there was a relative increase of CD4 single- cells per thymus, the phenomenon being less dominant compared to that of CD4 and CD8 double-positive cells. However, the CD4:CD8 ratio of lymph node cells from envpX rats, with or without thymic atrophy, did not differ from that for the non-transgenic rats. Thrombosis and myocarditis showed a statistically higher incidence in env-pX rats with thymic atrophy than in rats without thymic atrophy (P Ͻ 0.05), for which we have no clear explanation. Other manifestations of the diseases did not correlate with thymic atrophy. In all env-pX rats described here, at 3-36 weeks of age, at least one of the above-mentioned diseases existed. No significant combinations among developing diseases and other pathological manifestations were noted. In the diseased joints and hearts but not in unaffected areas, the expression of p40 tax mRNA increased to a detectable level by Northern hybridization (data not shown), but p40Tax protein was not demonstrated by immunohistochemistry. Among several cytokines, the expression by RT-PCR of IFN-γ, IL-2 and IL-10 was evident in diseased joints and hearts but not in normal joints and hearts (Table 1) . Since other cytokines were equally detected in normal and diseased tissues by our non-quantitative RT-PCR, the significance in the pathogenetic process is unclear. In diseased hearts, immunohistochemistry revealed that most of the infiltrating cells were CD4 ϩ T cells (Fig. 5) . The dominant infiltration of CD4 ϩ T cells was also evident in a pool of fractionated mononuclear cells from diseased joints, as determined by flow cytometry. In some env-pX rats, hypergammaglobulinemia was identified by cellulose-acetate membrane electrophoresis analysis. High titers of rheumatoid factor (RF) were present in both lines of env-pX rats (Fig. 6A) , but there was no correlation with histologic severity of the arthritis and other diseases. Weak autoantibodies to doublestranded DNA were detected by ELISA (Fig. 6B ) and confirmation was made by positive immunofluorescence methods which showed a perinuclear staining pattern. Anti-cardiolipin autoantibodies which may be related to the occurrence of thrombosis were present in the sera (Fig. 6C) . The collective evidence suggests that HTLV-I-related autoimmunity is caused by products of the env-pX region. Transient autologous proliferative responses of lymphocytes in vitro, previously noted in patients with ATL and HAM/TSP and asymptomatic carriers lymphocytes were not evident in peripheral blood samples.
of env-pX rats at 9 weeks of age and normal thymus (C) of an agematched control rat were stained by in situ nick end labeling.
Neurofibromatosis (16), inflammatory arthropathy (17,18), Magnification: ϫ160. All procedures for the in situ nick end labeling exocrinopathy resembling Sjö gren's syndrome (19) and were according to the method described by Gavrieli et al. (47) . thymic atrophy (20, 21) have been reported to occur in transgenic mice carrying either the HTLV-I pX or the env-pX gene. However, necrotizing arteritis resembling polyarteritis nodosa, polymyositis and myocarditis have never been observed in transgenic mice with these genes. CD4 ϩ T cells in the rat, positive cells (Fig. 4) . The absolute numbers of CD4 and CD8 double-positive and CD4 single-positive lymphocytes in the but not the mouse, can be immortalized in vitro by HTLV-I infection (22,23) and a chronic progressive myeloneuropathy atrophied thymus from env-pX rats were compared with those from age-matched normal rats. A total of 1.35 Ϯ 0.26ϫ10 8 resembling HAM/TSP develops only in life-long HTLV-I carrier WKAH rats (12,13). In other rat strains and animal species cells with the CD4 and CD8 double-positive phenotype and 3.00 Ϯ 0.43ϫ10 7 cells with the CD4 single-positive phenotype such as mice, rabbits, cats and monkeys, the presence of HTLV-I infection does not lead to such diseases. Reproduction per thymus were counted in three normal rats. In the atrophied thymus from three env-pX rats, CD4 and CD8 double-positive of the features of spondyloarthropathy, a human leukocyte antigen (HLA)-B27-associated human disease, has been cells severely decreased to 2.35 Ϯ 0.15ϫ10 5 cells per thymus. CD4 single-positive cells also decreased to 4.90 Ϯ 3.66ϫ10 5 noted in transgenic rats but not in transgenic mice expressing , with or without thymic atrophy and nontransgenic rats (nTg). Each group included three rats, 5-6 months of age. Each sample of 10 6 cells from thymuses of transgenic rats, with or without thymic atrophy, and of non-transgenic rats was stained with an anti-rat CD4 mAb (RTH7, a gift from Dr T. Uede, Institute of Immunological Science, Hokkaido University) (48) and a phycoerythrin-conjugated rabbit anti-mouse Ig antibody (Dako, Glostrup, Denmark). After washing with PBS, these cells were also stained with a FITC-conjugated anti-rat CD8 mAb (10B5, a gift from Dr A. Matsuura, Sapporo Medical University) (49) and were analyzed by FACScan (Becton Dickinson, Mountain View, CA). A total of 5000 events gated on viable cells using forward and sideward light scatter was acquired.
HLA-B27 and human β 2 -microglobulin (24). The collective Zealand mice (25) . In addition, gp70 was found to be a major target molecule expressed on vascular smooth muscle cells evidence suggests that inbred rats appear to be more suitable hosts for the faithful reproduction of certain human diseases for humoral antibodies in SL/Ni mice, which resulted in the spontaneous development of necrotizing arteritis resembling such as HTLV-I-related diseases, compared to other species of experimental animals. We recently reported that transpolyarteritis nodosa (26, 27) . Since the arteritis in our env-pX rats shows a histological profile similar to that in SL/Ni genic WKAH rats carrying the pX gene of HTLV-I with the mouse MHC H-2K d promotor developed cytokine-producing mice, products of the env transgene may function as an immunological target to cause the arteritis. Further studies mammary carcinomas but not collagen vascular diseases, although p40 tax mRNA was constitutively expressed in most will be necessary to clarify the pathogenetic role of env gene products of HTLV-I in the collagen vascular and autoimmune organs (14). This suggests that in addition to p40Tax, expression of the env gene of HTLV-I may also be of importance in diseases seen in our env-pX rats as well as those in HTLV-Iinfected humans. p40Tax, a gene product of a unique pX the production of collagen vascular diseases. Consistent with this suggestion has been the observation that the gp70 region of HTLV-I, can transactivate not only the virus LTR, but also the expression of many host genes, in relation to host envelope glycoprotein of xenotropic murine leukemia virus plays a major pathogenetic role and is involved in the developimmune functions, such as IL-2 receptor, IL-2 (28), IL-6 (29), tumor necrosis factor (TNF)-α (30) and a co-stimulatory ment of immune complexes seen in lupus nephritis in New 
The conditions for RT-PCR and the primer sequences (except IL-10) were described previously (50). IL-10 primer sequences were 5Ј-ttgctgtcaccctgttctgctttct-3Ј as sense and 5Ј-ctttcagtgttgtgagcgtggactc-3Ј as anti-sense. Annealing temperature for IL-10 was 60°C.
b Normal means samples from non-transgenic rats at comparable ages. c All results were determined by the detection of specific amplified bands on agarose gel with ethidium bromide under UV illumination. ϩ; specific band is amplified, -; no specific band is amplified.
d β-actin is a control for the RNA preservation and the reverse transcription. The value of anticardiolipin antibodies was given as the optical density (OD) at 492 nm. Titers of RF, and anti-double-stranded DNA and anti-cardiolipin antibodies were measured using a particle agglutination kit for RF (SERODIA-RA; Fuji Rebio, Tokyo, Japan), and ELISA kits for antidouble-stranded DNA (Nippon DPC, Tokyo, Japan) and for anticardiolipin (Yamasa, Choshi, Japan), using rabbit anti-rat Ig antibody as a second antibody.
Fig. 5.
Immunohistochemistry of infiltrating lymphocytes in the diseased heart of transgenic rats. CD4 ϩ cells (A) and CD8 ϩ cells (B) were stained. Magnification: ϫ240. Frozen sections (4 µm) of the infiltration, synovial hyperplasia and cartilage destruction were diseased heart were reacted with an anti-CD4 mAb (Rib5/2; BMA the main histopathological events, and were similar to those Biomedicals, Augst, Switzerland) or an anti-CD8 mAb (10B5), and the specific reactants were detected and developed using a LSAB kit of RA in humans. The production of RF in the serum and the (Dako) and 3,3Ј-diamino-benzidine-tetrahydrochloride as a substrate.
dominant infiltration of CD4 ϩ T cells in the diseased joints of env-pX rats support the notion that the arthritis of env-pX rats has immunological similarities to findings of RA in humans.
Since not only IFN-γ and IL-2 but also IL-10 were up-regulated in the diseased joint, infiltrating T lymphocytes probably molecule, CD80/CD86 (our unpublished data). It is conceivable, therefore, that p40Tax may up-regulate cellular genes consisted of both T h 1 and T h 2 cells (31) . It is also noted that local activation of the pX gene can transactively up-regulate involved in the breakdown of central and/or peripheral self tolerance. In the affected joints of env-pX rats, lymphocyte a number of growth factors and cytokines, including platelet- progressive myeloneuropathy in seropositive WKAH rats and related apoptosis. Acta Neuropathol. 89:483. 14 Yamada, S., Ikeda, H., Yamazaki, H., Shikishima, H., Kikuchi, K.,
